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DETAILED ACTION 



Response to Arguments 

1 . This Office action is in response to the Request for Continued Examination 
(RCE) filed on April 13, 2006. 

« 

2. Applicant's arguments with respect to claims 1-8 have been considered but are 
moot in view of the new ground(s) of rejection. 



Claim Objections 

3. Claims 1-8 are objected to because of the following informalities: the use of the 
word "tertramethylsilane." Appropriate correction is required. 

4. The examiner believes that the intended word is tetramethylsilane and has thus 
interpreted the claims in this manner. 



Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action; 

(a) A patent may not be obtained though the invention is not Identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole wouJd have been obvious at the time the 
inviention was made to a person having ordinary skill In the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 1-4 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ngo 
etal.(USPN 6.818.557 B1). 
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7. In reference to claim 1 , Ngo et al. (USPN 6,818,557 B1 , hereinafter referred to as 
the "Ngo" reference discloses a similar fabrication process. Figures 1-4 of Ngo illustrate 
a copper damascene process where a dielectric layer (10) is formed over a substrate 
(not shown). A damascene opening is etched into the dielectric layer (10). The 
damascene opening is filled with copper (13A) or copper alloy (column 4, lines 59-65). 
The surface of the copper or copper alloy (ISA) is treated with a hydrogen containing 
plasma (column 5, lines 49-62). The treated surface of the copper or copper alloy (ISA) 
is reacted with trimethylsilane under plasma enhanced chemical vapor deposition 
(PECVD) conditions (column 6, lines 2-19). A silicon carbide capping layer (40) is in- 
situ deposited by PECVD (column 6, lines 2-19). Ngo supplies the trimethylsilane and 
then initiates the plasma (column 6, lines 2-19) but does not disclose simultaneously 
supplying trimethylsilane and initiating plasma to make the trimethylsilane react with the 
treated surface of copper or copper alloy. However it has been held to be prima facie 
obvious to reverse the order of the prior art process steps, Ex parte Rubin, 128 USPQ 
440 (Bd. App. 1959). Furthermore the selection of any order of performing process 
steps is prima facie obvious in the absence of new or unexpected results, In re Burhans, 
154 F.2d 690, 69 USPQ 330 (CCPA 1946). Therefore this limitation is not patentably 
distinguishable over Ngo. In addition, Ngo does not disclose using tetramethylsilane as 
the gas to form the silicon carbide film. However tetramethylsilane is a known material 
for use in the process to form silicon carbide films (see Hu et al., USPN 6,559,033 B1 , 
column 11, lines 65-67 and Chen et al., US 2003/0134499 A1, p. 4, paragraph 36). The 
applicant is reminded in this regard that it has been held that a mere selection of known 



» 
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materials generally understood to be suitable to make a device, the selection of the 
particular material being on the basis of suitability for the intended use, would be 
entirely obvious. See In re Lesh in ^ 25 USPQ 416 and also Sinclair & Carroll Co. v, 
Inierchemical Corp., 325 U.S. 327. 65 USPQ 297 (1945). Therefore claim 1 is not 
patentable over the Ngo reference. 

8. With regard to claim 2, figure 1 shows that the damascene opening is lined with a 
diffusion barrier layer (12). Ngo discloses forming a seed layer on the diffusion barrier 
layer (12) and forming a copper or copper alloy (13a) on the seed layer (column 6, lines 
58-60). 

9. In reference to claim 3, Ngo makes it dear that the damascene opening may 
comprise a contact or via hole in communication with a trench opening (column 7, lines 
58-61 ). 

1 0. With regard to claim 4, Ngo discloses that the treated surface of the copper or 
copper alloy (13A) takes place at a process temperature of 335°C at a possible reaction 
duration of 30 seconds (column 6, lines 2-19), The copper or copper alloys (13a) is 
reacted with trimethylsilane with a gas flow in the range of 32 to 160 seem (column 2, 
lines 2-19) which overlaps the range, "100 to 5000 seem" as claimed by the applicant. 
The examiner would like to note: 

In the case where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima 
facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff. 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990). See MPEP 2144.05. 

Thus claim 4 does not distinguish over the prior art reference of Ngo. 
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1 1 . Claims 5, 6, 7, and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Ngo et al. (USPN 6,818,557 B1) in view of Xia et al. (United States Patent 
Application Publication No. US 2003/0068881 Al ). 

12. In reference to claim 5, Ngo (USPN 6,818,557 B1) discloses a similar fabrication 
process. Figures 1-4 of Ngo illustrate a copper -damascene process where a dielectric 
layer (10) is formed over a substrate (not shown). A damascene opening is etched into 
the dielectric layer (10). The damascene opening is filled with copper (13A) or copper 
alloy (column 4, lines 59-65). The surface of the copper or copper alloy (13A) is treated 
with a hydrogen containing plasma (column 5, lines 49-62). The treated surface of the 
copper or copper alloy (13A) is reacted with trimethylsilane under plasma enhanced 
chemical vapor deposition (PECVD) conditions (column 6, lines 2-19). A silicon carbide 
capping layer (40) is in-situ deposited by PECVD (column 6, lines 2-19). Ngo supplies 
the trimethylsilane and then initiates the plasma (column 6, lines 2-19) but does not 
disclose simultaneously supplying trimethylsilane and initiating plasma to nnake'the 
trimethylsilane react with the treated surface of copper or copper alloy. However it has 
been held to be prima facie obvious to reverse the order of the prior art process steps. 
Ex parte Rubin, 128 USPQ 440 (Bd. App. 1959). Furthermore the selection of any 
order of performing process steps is prima facie obvious in the absence of new or 
unexpected results, In re Burhans, 154 F.2d 690, 69 USPQ 330 (CCPA 1946). In 
addition, Ngo does not disclose using tetramethylsilane as the gas to form the silicon 
carbide film. However tetramethylsilane is a known material for use in the process to 
form silicon carbide films (see Hu et al., USPN 6,559,033 B1 , column 1 1 , lines 65-67 
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and Chen et al.. US 2003/0134499 A1, p. 4, paragraph 36). The applicant is reminded 
in this regard that it has been held that a mere selection of known materials generally 

understood to be suitable to make a device, the selection of the particular material being 
on the basis of suitability for the intended use, would be entirely obvious. See In re 
Leshin 125 USPQ 416 and also Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 
327. 65 USPQ 297 (1945). Therefore this limitation is not patentable over the Ngo 
reference. Ngo does not disclose treating the silicon carbide capping layer with an 
ammonia plasma in order to remove oxygen from it. However such a plasma treatment 

^ 

is well known in the art. Xia et al. (United States Patent Application Publication No. US 
2003/0068881 Al , hereinafter referred to as the "Xia" reference) discloses a silicon 
carbide layer which is treated with an in-situ ammonia plasnna in order to remove • 
contaminants from its surface (p. 4, paragraph 50). Ngo discloses that a silicon carbide 

« 

layer free of contaminants is desirable in the art since it leads to a more reliable 
interconnect structure (column 8, lines 30-36). In view of Xia, it would therefore be 
obvious to treat the silicon carbide layer of Ngo with an ammonia plasma. 

13. With regard to claim 6, figure 1 shows that the damascene opening is lined with a 
diffusion barrier layer (12). Ngo discloses forming a seed layer on the diffusion barrier 
layer (12) and forming a copper or copper alloy (13a) on the seed layer (column 6, lines 
58-60). 

14. In reference to claim 7, Ngo makes it clear that the damascene opening may 
comprise a contact or via hole in communication with a trench opening (column 7, lines 
58-61). 
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15. With regard to claim 8, Ngo discloses that the treated surface of the copper or 
copper alloy (13A) takes place at a process temperature of SSS^'C at a possible reaction 

. duration of 30 seconds (column 6, lines 2-19). The copper or copper alloys (13a) is 

« 

reacted with trimethylsilane with a gas flow in the range of 32 to 160 seem (column 2, 
lines 2-19) which overlaps the range, "100 to 5000 seem" as claimed by the applicant. 
The examiner would like to note: 

In the case where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima 
facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990). See MPEP 2144.05. 

Thus claim 8 does not distinguish over the prior art references of Ngo and Xia. 

16. Claims 5, 6, 7, and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Ngo et al. (USPN 6,818,557 B1) in view of Yang et al. (USPN 6,365,527 B1). 

1 7. In reference to claim 5, Ngo (USPN 6,81 8,557 B1 ) discloses a similar fabrication 
process. Figures 1-4 of Ngo illustrate a copper damascene process where a dielectric 
layer (10) is formed over a substrate (not shown). A damascene opening is etched into 
the dielectric layer (10). The damascene opening is filled with copper (13A) or copper 
alloy (column 4, lines 59-65). The surface of the copper or copper alloy (13A) is treated 
with a hydrogen containing plasma (column 5, lines 49-62). The treated surface of the 
copper or copper alloy (13A) is reacted with trimethylsilane under plasma enhanced 
chemical vapor deposition (PECVD) conditions (column 6, lines 2-19). A silicon carbide 
capping layer (40) is in-situ deposited by PECVD (column 6, lines 2-19). In addition, 
Ngo does not disclose using tetramethylsilane as the gas to form the silicon carbide 
film. However tetramethylsilane is a known material for use in the process to form 
silicon carbide films (see Hu et al.. USPN 6.559,033 B1, column 11, lines 65-67 and 
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Chen et al., US 2003/0134499 A1 , p. 4, paragraph 36). The applicant Is reminded in 
this regard that it has been held that a mere selection of known materials generally 
understood to be suitable to make a device, the selection of the particular material being 
on the basis of suitability for the intended use, would be entirely obvious. See In re 
Leshin 125 USPQ 416 and also Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 
327, 65 USPQ 297 (1 945). Therefore this limitation is not patentable over the Ngo 

r 

reference. Ngo does not disclose treating the silicon carbide capping layer with an 
ammonia plasma in order to remove oxygen from it. However such a plasma treatment 
is well known in the art. Yang et al. (USPN 6365,527 B1 , hereinafter referred to as the 
"Yang" reference) discloses a silicon carbide layer which is treated with an in-situ 
ammonia plasma in order to remove oxygen from the layer (column 2, lines 15-21). 
Yang further discloses that a silicon carbide layer free of oxygen is desirable in the art 
(column 1, lines 59-61) since it leads to a better copper barrier (column 3, lines 41-45). 
In view of Yang, it would therefore be obvious to treat the silicon carbide layer of Ngo 
with an ammonia plasma. 

18: With regard to claim 6, figure 1 shows that the damascene opening is lined with a 
diffusion barrier layer (12). Ngo discloses forming a seed layer on the diffusion barrier 
layer (12) and forming a copper or copper alloy (13a) on the seed layer (column 6, lines 
58-60). 

19. In reference to claim 7, Ngo makes it clear that the damascene opening may 
comprise a contact or via hole in communication with a trench opening (column 7, lines 
58-61). 
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20. With regard to claim 8, Ngo discloses that the treated surface of the copper or 
copper alloy (13A) takes place at a process temperature of SZS^'C at a possible reaction 
duration of 30 seconds (column 6, lines 2-19). The copper or copper alloys (13a) is 
reacted with trimethylsilane with a gas flow in the range of 32 to 160 seem (column 2, 
lines 2-19) which overlaps the range, "100 to 5000 seem" as claimed by the applicant. 
The examiner would like to note: 

In the case where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima 
facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff, 919 F.2d 1575. 16 USPQ2d 1934 (Fed. Cir. 1990). See MPEP 2144.05. 

Thus claim 8 does not distinguish over the prior art references of Ngo and Yang. 

r 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kevin Quinto whose telephone number is (571) 272- 
1920. The examiner can normally be reached on M-F 8AM-5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nathan Flynn can be reached on (571 ) 272-1 91 5. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

« 

Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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you have questions on access to ttie Private PAIR system, contact the Eiectronj 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 

TECHNOLOGV t_:v 

KVQ 




